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1. Purpose 

1.1. Introduction 
 
Collection and analysis of river sediment samples were planned as part of Tierra 
Solutions Inc.’s (Tierra’s) Focused Sediment Investigation Work Plan, Quality 
Assurance Project Plan, Revision 1, December 2011 (FSIWP-QAPP).  The planned 
analyses were designed to meet project data use objectives as defined in Worksheet # 
10 of the FSIWP-QAPP, “Data generated as part of the focused sediment investigation 
will be used to further evaluate additional sources of 2,3,7,8-TCDD to the Lower 
Passaic River Study Area (LPRSA).”  Laboratory results of sediment samples collected 
for the determination of hexachloroxanthene (HCX) were identified as one of the data 
types needed to fulfill the project data use objective as quoted above.  In light of the 
defined data need to assess sediment sample concentrations of HCX, the technical 
project team developed a planned approach to meet the laboratory analysis objective.  
This report documents the development and assessment of the analytical approach 
used in the determination of HCX as implemented during the Focused Site 
Investigation. 
 
1.2. Background 

 
Initially a literature search was conducted to identify available current and/or historical 
analytical methods for possible use in the identification and quantitation of HCX.  It was 
determined at the time the literature search was performed, that none of the US 
contract laboratories contacted were actively analyzing samples for HCX.  However, 
two relatively recent historical references to applicable analytical methodologies for the 
determination of HCX in environmental matrices were identified and are listed below. 
 

• Tracy, K.L., Misita, M., Schrock, M., and Tabor, J. 2003. Extraction and 
analysis of hexachloroxanthene using modified U.S. EPA Method 1613, 
Revision B procedures, Organohalogen Compounds Vol. 60, p.177-210 

• Viswanathan, T.S., and Kleopfer, R.D. 1986. The presence of 
hexachloroxanthene at Missouri dioxin sites, in Rappe, C., Choudhary, 
G., and Keith, L.H., ed., Chlorinated Dioxins and Dibenzofurans in 
Perspective, Lewis Publishers, Inc, Chelsea, Michigan, p. 201-210. 

 
2. General Description of Analytical Method 
 

The existing analytical procedures described in the technical papers identified above 
were reviewed by Vista Analytical Laboratory (Vista).  Based upon this review, method 
development work was conducted by Vista to reproduce and/or improve upon the 
analytical approach established in the historical work. 

  



 

Page 2 of 8 
 

The analytical method developed by Vista for use in the identification and quantitation 
of HCX during implementation of the FSIWP is a modification of USEPA method 1668 
“Chlorinated Biphenyl Congeners in Water, Soil, Sediment, and Tissue by 
HRGC/HRMS.”  The stepwise procedure developed by Vista is fully described in 
standard operating procedure (SOP) L-1 revision 1, titled: Extraction and Analysis of 
Hexachloroxanthene by HRMS, Vista 2012, and is provided as Attachment A of this 
report.   

HCX concentrations are determined by first extracting samples using methylene 
chloride.  Sample extracts then undergo appropriate extract clean-up procedures and 
are analyzed via high resolution gas chromatography/high resolution mass 
spectrometry (HRGC/HRMS). 

As USEPA 1668 is a performance based method, the effectiveness of any 
modifications made to the base procedure must be thoroughly demonstrated and 
documented as such per the requirements specified in Section 9 of the procedure.  
Accordingly, the stepwise procedures outlined in SOP L-1, once developed fully, were 
subjected to the each of the performance evaluation studies outlined in Section 9 of 
USEPA method 1668.  USEPA method performance criteria were met for the studies 
performed by Vista using the HCX SOP L-1 in all cases, prior to use in the FSIWP 
program. 

 
3. Pre-Program Verification of Analytical Performance (Studies) 

Once the stepwise analytical procedure (SOP L-1) was developed by Vista, the following 
quality assurance/quality control evaluations were performed for both solid and liquid 
sample matrices: 

• Initial Precision and Recovery (IPR) Studies 
• Method Detection Limit (MDL) Studies 
• Method Blank Studies 

Vista procured authentic and certified HCX reference material from Cambridge Isotope 
Laboratories.  These certified reference materials were used to calibrate the HRMS as well 
as complete the required method performance studies.  Each of the method performance 
studies are described the sub-sections below. 
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3.1. IPR Studies 

3.1.1. IPR Study (Solid) 

Vista performed a solid sample IPR study (See Attachment C) prior to sample 
collection activities.  The results of this study meet all acceptance criteria as 
defined in USEPA method 1668 and are provided in Table 3.1.1 below.  

Table 3.1.1 
Results of Solid IPR Study 

 

Analyte 
Average 

Recovery % 
Method 
Limits % % RSD 

Method 
Criteria % RSD 

1,2,4,5,7,8-HxCX 99.0 60-140 4.7 40 
13C-1,2,3,7,8,9-HxCDF 96.3 35-135 2.4 50 
13C-1,2,3,7,8,9-HxCDD 98.3 35-135 1.7 50 

 
 RSD = Relative Standard Deviation 
 

3.1.2. IPR Study (Liquid) 

Vista performed a liquid sample IPR study (See Attachment D) prior to sample 
collection activities.  The results of this study meet all acceptance criteria as 
defined in USEPA method 1668 and are provided in Table 3.1.2 below. 

Table 3.1.2 
Results of Liquid IPR Study 

 

Analyte 
Average 

Recovery % 
Method 
Limits % % RSD 

Method 
Criteria % RSD 

1,2,4,5,7,8-HxCX 75.4 60-140 9.5 40 
13C-1,2,3,7,8,9-HxCDF 92.9 35-135 4.9 50 
13C-1,2,3,7,8,9-HxCDD 103 35-135 2.9 50 

 
RSD = Relative Standard Deviation 
 

3.2. MDL Studies 
 

3.2.1. MDL Study (Solid) 

Vista performed a solid sample MDL study (See Attachment E) prior to sample 
collection activities.  This MDL study was performed per the requirements 
specified in Part 136 of  Title 40 - Protection of the Environment, Code of Federal 
Regulations (40 CFR), Appendix B.  The results of this study are provided in 
Table 3.2.1 below. 
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Table 3.2.1 
Results of Solid MDL Study 

 
MDL = method detection limit 
pg/g = picograms per gram 
PQL = project quantitation limit 
 

3.2.2. MDL Study (Liquid) 

Vista performed a liquid sample MDL study (See Attachment F) prior to sample 
collection activities.  This MDL study was performed per the requirements 
specified in Part 136 of 40 CFR, Appendix B.  The results of this study are 
provided in Table 3.2.2 below. 

Table 3.2.2 
Results of Liquid MDL Study 

 
MDL = method detection limit 
pg/l = picograms per liter 
PQL = project quantitation limit 
 

3.3. Method Blank Studies 
 

3.3.1. Method Blank Study (Solid) 

Vista performed a solid sample method blank study prior to sample collection 
activities.  The results of this study meet all acceptance criteria as defined in 
USEPA method 1668, and are provided in Table 3.3.1 below. 

Table 3.3.1 
Results of Solid Method Blank Study 

 

Analyte 

Control Blank 
Result 
pg/g  

PQL 
pg/g 

1,2,4,5,7,8-HCX 1.64 U 20 
 

pg/g = picograms per gram 
PQL = project quantitation limit 
U = Not detected 

  

Analyte 

Amount 
Spiked 
pg/g 

Trial 
1 

pg/g 

Trial 
2 

pg/g 

Trial 
3 

pg/g 

Trial 
4 

pg/g 

Trial 
5 

pg/g 

Trial 
6 

pg/g 

Trial 
7 

pg/g 
Average 

pg/g 
MDL 
pg/g 

PQL 
pg/g 

Hexachloroxanthene 50 45.4 42.0 41.2 40.7 47.2 44.6 36.2 42.48 11.40 20.0 

Analyte 

Amount 
Spiked 

pg/l 

Trial 
1 

pg/l 

Trial 
2 

pg/l 

Trial 
3 

pg/l 

Trial 
4 

pg/l 

Trial 
5 

pg/l 

Trial 
6 

pg/l 

Trial 
7 

pg/l 
Average 

pg/l 
MDL 
pg/l 

PQL 
pg/l 

Hexachloroxanthene 500 287 307 300 289 286 315 294 296.86 34.59 50 
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3.3.2. Method Blank Study (Liquid) 

Vista performed a liquid sample method blank study prior to sample collection 
activities.  The results of this study meet all acceptance criteria as defined in 
USEPA method 1668, and are provided in Table 3.3.2 below. 

Table 3.3.2 
Results of Liquid Method Blank Study 

 

Analyte 

Control Blank 
Result 

pg/l  
PQL 
pg/l 

1,2,4,5,7,8-HCX 12.9 U 50 
 

pg/l = picograms per liter 
PQL = project quantitation limit 
U = Not detected 
 
 

4. Program Method Performance Criteria 

4.1. Measurement Performance Criteria for HCX Data 

Project measurement performance criteria were developed for the HCX data set and 
are provided in Worksheets #12, #15, #28-1 and #28-2 of the FSIWP-QAPP.  
Measurement performance criteria are used to assess data quality and thereby 
establish the reliability of sample results provided by the laboratory in meeting project 
data use objectives.  Assessment criteria include acceptance limits for the following 
HCX analytical performance indicators: 

• Precision 
• Accuracy 
• Representativeness 
• Completeness 
• Sensitivity 

Additional key requirements regarding sample handling and holding time limitations 
which relate to the representativeness of the HCX results obtained for this study were 
developed and are outlined in the FSIWP-QAPP Worksheet #19. 
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4.2 Third Party Data Validation and Assessment 

A data validation SOP was developed as a tool with which to objectively evaluate the 
quality of HCX data obtained during the Focused Sediment Investigation by a third 
party organization.  SOP V-1 of the FSIWP-QAPP titled HCX Rev. 0, August, 2011 was 
used to perform the HCX data validation of sample results reported during the Focused 
Sediment Investigation.  The data validation procedure is located in Appendix C of the 
FSIWP-QAPP.  For convenience SOP V-1 has also been included as Attachment B of 
this report. 

The data validation process provides a determination of the suitability of HCX results for 
use in the fulfillment of program objectives.  This determination is based upon the 
criteria and guidance provided in SOP V-1, as well as assessment of the HCX 
analytical performance indicators outlined in Section 4.1 of this report, and overall 
adherence to the FSIWP-QAPP.  

 
5. Conclusion 

The method development process began by evaluation of analytical methods developed by 
others for the determination of HCX in environmental media.  Noted successes and 
limitations of earlier work were considered as Vista developed a stepwise analytical 
procedure capable of identification and quantitation of HCX.  USEPA Method 1668 was 
selected as the basis of the HCX procedure.  The effectiveness of required modifications 
made to the base procedure were thoroughly demonstrated and documented as such via 
successful completion of the performance evaluation studies outlined in Section 9 of 
USEPA method 1668. USEPA method performance criteria were met for the studies 
performed by Vista using the HCX SOP L-1 in all cases, thereby demonstrating the ability 
of SOPL-1 to produce results for HCX that are of known and documented quality.  Based 
upon the pre-program analytical method development work, HCX results obtained are 
expected to be of equal or better quality than those produced in previous studies by others.  

The further establishment of method performance criteria for HCX in the FSIWP-QAPP, 
and the assessment of achieved performance through implementation of data validation 
procedures by a third party organization, serves to establish the level of data quality 
achieved. 

 

 
 



 

 

 

 

 

 

 

 

 

 

 

Attachment A 

Vista Analytical SOP 

SOP L-1 Revision 1, 
Extraction and Analysis 
of Hexachloroxanthene 
by HRMS, Vista 2012 















































 

 

 

 

 

 

 

 

 

 

 

Attachment B 

EDS Validation SOP 
SOP-V1, HCX Rev. 0, 
August 2011 



 

 

Validation SOP 
No. V-1  
 

EDS SOP, HCX Rev. 0, 8/11 
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Environmental Data Services 
Validation Guidelines for Hexachloroxanthene 

SITE:                                                                                                                    
DATE:                                                                                                                   
SDG:     
VALIDATOR: 
 
All deliverables must be clearly labeled with the associated sample number.  Review the data package to 
assure that all items listed below are provided.  Missing, illegible or incorrectly labeled items must be 
checked off.  The laboratory should immediately be contacted and requested to submit the missing or 
incorrect items. 
             Y    N N/A 
Data Completeness and Deliverables 
 
Are the Reports and Forms present for all samples?       
   

Traffic Report        _____  _____  _____ 

Field Chain of Custody       _____  _____  _____ 

Laboratory Chain of Custody Records     _____  _____  _____ 

Sample Shipment Records      _____  _____  _____ 

% Solid Worksheet       _____  _____  _____ 

 
Are the Case Narrative and Cover Letter present?    _____  _____  _____ 
 
Do the Field Chain of Custody Reports or Lab Case Narrative indicate 
problems with sample receipt, sample condition, analytical procedures, or 
other comments regarding the quality of the data?    _____  _____  _____ 
 
 ACTION:  Use professional judgment to evaluate the effect 
 of the noted problems on the quality of the data. 
 
 ACTION:  If any solid sample analyzed contains 50% to 90% 
 water, all data shall be flagged as estimated "J".  If a solid sample 
 contains more than 90% water, then qualify positive hits "J" and  
 non-detects "R". 
 
Reporting Requirements and Deliverables 
 
Are the following forms present? 
 

Sample Data Summary       _____  _____  _____ 

Initial Calibration Summary      _____  _____  _____ 

Initial Calibration Ion Ratio Summary     _____  _____  _____ 

Routine Calibration Summary      _____  _____  _____ 

A Chronological List of All Sample Analyses    _____  _____  _____ 

Matrix Spike/Matrix Spike Duplicate Summary    _____  _____  _____ 

Method Blank Summary       _____  _____  _____ 
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             Y    N N/A 
GC/MS Displays 
 
Are the following GC/MS Displays present? 
 

Standard and sample chromatograms.  SICPs list date and time of  
analysis; the file name; sample number; and instrument I.D. number _____  _____  _____ 

Integrated area and peak height must be listed for all peaks 2.5 times 
above background       _____  _____  _____ 

SICP for the initial calibration standard     _____  _____  _____ 

SICP for the continuing calibration standard    _____  _____  _____ 

SICP for each sample run      _____  _____  _____ 

 
Laboratory Records  
 
GC/MS Standard and Sample Run Log in chronological order   _____  _____  _____ 
 
Sample Extraction Log        _____  _____  _____ 
  
 ACTION:  If deliverables are missing call the lab for explanation/ 
 resubmittal.  If the lab cannot provide missing deliverables, assess 
 the effect on the validity of the data.  Note in the reviewers narrative. 
 
 
Holding Times 
 
Have any holding times been exceeded for: 
 

aqueous samples 14 days from sample collection to extraction  _____  _____  _____ 
 

soil/sediment samples 14 days from sample collection to extraction _____  _____  _____ 
 

all samples 40 days from time of extraction to time of analysis  _____  _____  _____ 
 
 ACTION:  If holding times are exceeded, flag all data as estimated "J".   
 If holding times from collection to extraction, or from extraction to  

analysis have been grossly exceeded, use professional judgment to  
determine whether non-detects shall be rejected. 

 
 
Preservation Requirements 
 
Is the cooler temperature ≤ 10°C for aqueous and soil samples from the  
time of collection until receipt at the laboratory?       _____  _____  _____ 
 
 ACTION:  If cooler temperature >10oC, flag non-detects as "UJ" 
 and detects as "J". 
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             Y    N N/A 
Instrument Performance 
 
Mass Calibration - Mass calibration of the MS must be performed prior to 
analyzing calibration solutions, blanks, samples, and QC samples.  A static 
resolving power of at least 10,000 (10% valley definition) must be 
demonstrated at appropriate masses before any analysis is performed at 
appropriate masses.  Include in the narrative, minimum required resolving power  
of 10000 was obtained for perfluorokerosene (PFK) ion 380.9760.  This is done  
by first measuring peak width at 5% of the maximum.  This should not exceed  
100 ppm, i.e., it should not exceed 0.038, for ion 380.9760.  Resolving power,  
then is calculated using the formula, 
 
 Resolving Power  =  m/_m  =  380.9760/0.038  =  10025 
 
Was mass calibration performed at the frequency given above?   _____  _____  _____ 
 
 
Initial 5-Point Calibration 
 
The initial calibration standard solutions (CS0 - CS6) must be analyzed prior to 
any sample analysis.  However, initial calibration should be analyzed whenever 
a new set of standards are created and/or continuing calibration falls outside the 
acceptance criteria.  The calibration standards must be analyzed 
on the same instrument using the same GC/MS conditions that are used to  
analyze the samples. 
  
The following MS/DS conditions must be used:  
 

Is mass calibration performed as described earlier   _____  _____  _____ 
 
Is the total scanning time < 1 second     _____  _____  _____ 

    
Were SIM data acquired for each: 

 
Native HCX ions: 387.84 and 389.83     _____  _____  _____ 
 
Internal Standard ions: 13C12-1,2,3,7,8,9-HxCDF 383.86 and 385.86 _____  _____  _____ 
 
Recovery Standard ions: 13C12-1,2,3,4,6,9-HxCDF 383.86 and 385.86      _____  _____  _____ 
 

 
Were the following GC criteria met: 
 

The absolute retention times of internal standard, 13C12-1,2,3,7,8,9-HxCDF, 
recovery standard 13C12-1,2,3,4,6,9-HxCDF and native HCX shall not 
change by more than 10 seconds between the ICC3 analysis and the 
analysis of any other standard.      _____  _____  _____ 
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             Y   N N/A 
 
The relative ion abundance criteria for HCX and standards listed in 
Table 1A and 1B (see analytical method) must be met.   _____  _____  _____ 
 
For all calibration solutions, the signal to noise ratio (S/N) for the  
GC signal present in every SICP, including the ones for the labeled 
standards must be > 10.       _____  _____  _____ 
 
The percent relative standard deviations (%RSD) for the mean 
Response factors (RRF) from the initial calibration for unlabeled  
standards must not exceed + 20%.     _____  _____  _____ 

  
ACTION:  1)  If the %RSD for any isomer exceeds 20%, flag the associated 

 sample positive results for that specific isomer as estimated ("J").  No 
 effect on the non-detect data. 
 
 2)  If the ion abundance ratio for an analyte is outside the limits flag the 
 results for that analyte R (reject). 
 
 3)  If the ion abundance ratio for the internal standard falls outside the 
             QC limits flag the associated positive hits  
 with J.  No effect on the non-detects. 
 
 4)  If the signal to noise ratio (S/N) is below control limits, use professional  
 judgement to determine quality of the data. 
 
 5)  If the selected monitoring ions specified in Table 1A and 1B  were not used 
 for data acquisition, the lab must be asked for an explanation.  If 
 an incorrect ion was used, reject all the associated data. 

 
6)  If mass calibration criteria as specified earlier is not met, 

 specify that in narrative notes. 
 
 7)  Non-compliance of all other criteria specified above should be  
 evaluated using professional judgement. 
 
Spot check relative response factor (RRF) calculations and ion ratios.  Ensure that the correct 
quantitation ions for the unlabeled HCX and labeled internal standard and recovery standard 
were used.  In addition verify that the appropriate labeled compound was  
used. 
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             Y   N N/A 
To recalculate the RRFs for the Initial Calibration: 
 
For HCX, labeled internal standard compound and recovery standard listed in Table 1A and 1B: 
 
RRFi = (An1  +  An2)  x  Qis 
  (Ais1 +  Ais2)  x  Qn 
Where:  
 
An1 + An2 = The integrated areas of the primary and secondary ions of isomer of 
   interest, HCX   
 
Ais1 + Ais2 = The integrated areas of the primary and secondary ions of the  
   appropriate internal standard, 13C12-1,2,3,7,8,9-HxCDF 
 
Qis  = quantity of the appropriate labeled internal standard,13C121,2,3,7,8,9-HxCDF     
                                      injected (pg) 
 
Qn  = quantity of the unlabeled HCX analyte injected (pg) 
 
 
Continuing Calibration (HRCC3) 
 
The continuing calibration must be performed at the beginning of a 12 hour 
period after successful mass resolution and GC resolution performance 
checks.   
 
Was the continuing calibration run at the required frequency?   _____  _____  _____ 
 
Was the following MS/DS conditions met: 
              

The total scanning time was <1 second.     _____  _____  _____  
 

ACTION:  If the requirement is not met, use professional judgement 
to determine the validity of the data. 
                          

Were SIM data acquired for each: 
 
Native HCX ions:  387.84 and 389.83     _____  _____  _____ 
 
Internal Standard ions: 13C12-1,2,3,7,8,9-HxCDF 383.86 and 385.86 _____  _____  _____ 
 
Recovery Standard ions: 13C12-1,2,3,4,6,9-HxCDF 383.86 and 385.86 _____  _____  _____ 
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          Y   N N/A 
Was following GC criteria must be met: 
 
 The absolute retention time of the internal standards 13C121,2,3,4,6,9-HxCDF 
 and 13C12 -1,2,3,7,8,9-HxCDF as well as HCX shall not change by  

more than 15 seconds between the initial HRCC3 and ending HRCC3 
standard analyses.       _____  _____  _____ 

      
             The %D for the native HCX should fall in the acceptance criteria 
             (70-130%)        _____ _____   _____ 
 
 The %D for the internal standards should fall in the acceptance criteria 
 (50-150%)        _____   _____ _____ 

 
 ACTION: When the %D for either native HCX or the internal standards  

are outside criteria, all data are flagged “J” or “UJ” as appropriate. 
 
Was the same internal standard compound used to calculate RRF for 

 HCX the initial calibration?      _____  _____  _____ 
 

ACTION:  If any of these requirements are not met, use professional 
judgement to determine the validity of the data. 

               
The two SIM ions for each homolog must maximize simultaneously  

 + 2 seconds .       _____  _____  _____ 
 

For the CC3 standard solution, the signal to noise ratio (S/N) for the 
 unlabeled HCX ion shall be greater than 10.                                      _____  _____  _____ 
 

For the labeled internal standards, 13C121,2,3,7,8,9-HxCDF and the 
recovery standard 13C12 -1,2,3,4,6,9-HxCDF the signal to noise ratio  
(S/N) shall be greater than 10.      _____  _____  _____ 

 
The relative ion abundance criteria (Table 1A - analytical method) for 

 HCX shall be met.       _____  _____  _____ 
 

The relative ion abundance criteria for the internal standard and  
recovery standard (Table 1B - analytical method) must be met.  _____  _____  _____ 

 
 ACTION:  If any of these requirements are not met reject all data  

(flag R) directly affected by each specific problem. 
 

The found concentration for each analyte must fall within the  
 concentration range established by the initial calibration.   _____  _____  _____ 
 
 ACTION:  When the found concentration of the calibration verification sample 
 falls outside the specified allowable range, all data for outlier congeners 
 are flagged J. 
  
 ACTION:  If the continuing calibration standard was not analyzed at the required  
 frequency, reject all the data. 
  
Spot check relative response factor (RRF) calculations and ion ratios.  Verify that the appropriate 
quantitation ions for the HCX, internal standard and recovery standard were used. 
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             Y   N N/A 
To recalculate RRFs for HCX, and the RRFs for the internal and recovery  
standard use the following equations: 
 
RRFn  = (An¹  +  An²)  x Qis 
  (Ais¹ +  Ais²) x Qn 
 
RRFis = (Ais¹   +   Ais²)  x  Qrs 
  (Ars¹  +   Ars²) x   Qis 

 
Where: 
An1  +  An2 = The sum of the areas of the primary and secondary m/z's for the analytes of 

interest, HCX.   
 
Ais1  +  Ais2 = The sum of the areas of the primary and secondary m/z's for the internal 

standard, 13C12-1,2,3,7,8,9-HxCDF 
 
Ars1  +  Ars2 = The sum of the areas of the primary and secondary m/z's for the recovery  
   standard, 13C12-1,2,3,4,6,9-HxCDF 
 
Qis  = quantity of the appropriate labeled internal standard,13C12-1,2,3,7,8,9-HxCDF,   
                                      injected (pg) 
 
Qn                     =           quantity of the unlabeled HCX analyte injected (pg) 
 
Qrs                              =           quantity of the labeled recovery standard, 13C12-1,2,3,4,6,9-HxCDF 
 
RRFn                =            Relative response factor from the continuing calibration 
 
 
To calculate percent difference use the following equation: 
 
% Difference  =  (RRFi   -   RRFn)   x  100 
   RRFi 
Where:   
 

RRFi = Relative response factor established during initial 
   calibration. 
 

RRFn = Relative response factor established during 
   continuing calibration. 
 
Sample Data 
 
The following MS/DS conditions were used: 
 

Scanning time was <1 second.      _____  _____  _____ 
 

SIM data were acquired for each of the ions listed in Table 1A and 1B (see 
analytical method)       _____  _____  _____ 
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Identification Criteria 
 
            Y   N        N/A 
 
B. The absolute retention time for HCX must be within +/-2  percent of the 
             labeled internal standard, 13C12-1,2,3,7,8,9-HxCDF.   _____  _____  _____ 
 
 
             ACTION: Reject (R) all positive data for the HCX compound. 
 
             The integrated ion current for each characteristic ion of the HCX 
 analyte must be at least 2.5 times background noise and must 

have not saturated the detector.       _____  _____  _____ 
 

ACTION:  If the integrated ion HCX criteria is not at least 2.5 times  
background and the detector is saturated but all other criteria 

 are met, qualify all positive data of the specific analyte with J. 
  
 The integrated ion current for the labeled internal standard compounds 

characteristic ions must be at least 10 times background noise.  _____  _____  _____ 
 

ACTION: If the integrated ion current for the internal standard 
ion characteristics are not met but all other requirements are met 
qualify the positive data of the corresponding analytes with "J". 
  

 The relative ion abundance criteria (Table 1A - analytical method) 
 for all HCX found present must be met.     _____  _____  _____ 

 
ACTION: If the HCX reported positive do not meet ion abundance 

 criteria, reject (R) all positive data for this analyte.  Change the  
positive values to EMPC (estimated maximum possible concentration). 

 
 The relative ion abundance criteria for the labeled internal standard  
             and recovery standard must be met (Table 1B - analytical method). _____  _____  _____ 
  
             ACTION: If labeled internal standards 13C12-1,2,3,7,8,9-HxCDF and  

recovery standard 13C12-1,2,3,4,6,9-HxCDF do not meet ion abundance  
criteria (Table 1B - analytical method) but they meet all other criteria flag 
all corresponding data with "J". 

          
 The identification of a GC peak as a PCDF can only be made if no 
 signal having a S/N > 2.5 is detected at the same time in the 
 corresponding polychlorinated diphenyl ether channel.  Is the 
 above condition met?       _____  _____  _____ 
 
 The HCX concentration must be within the calibration range.  If 
 not, dilution should have been made to bring the concentration 
 within the calibration range.  Was the above criteria met?   _____  _____  _____ 
 
 ACTION: Flag HCX results that are not within the calibration 
             range “J” estimated. 
 
             Do any lock mass ion signals show peak deflections of greater 
 than 50% in the retention time areas of any analyte?   _____  _____  _____ 
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                                                                                                                                Y   N N/A 
 
 ACTION: If any peak deflection is greater than 50%, then qualify the 
 associated compound with a "J". 
 
Spot check calculations for positive data and verify that the same 
labeled internal standards used to calculate RRFs were used to calculate 
concentration and EMPC. 
 
To recalculate the concentration of individual HCX isomers in the sample  
use the following equation: 
 
ALL MATRICES OTHER THAN WATER 
 
 Cn (pg/g)  =  (An1  +  An2)   x   Qis 
          W x (Ais1  +  Ais2)  x RRFn 
 
WATER 
 Cn (pg/L)   = (An1  +  An2)  x  Q1 
           V    x (Ais1  +  Ais2)  x  RRFn  
Where: 
 
An¹ and An²      =  The sum of the areas of the primary and secondary m/z's for the  

analye of interest, HCX. 
 
Ais¹ and Ais²     =  The sum of the areas of the primary and secondary m/z's for the  

Internal standard, 13C12-1,2,3,7,8,9-HxCDF 
 
   Cn  =    concentration of analyte (pg/g, pg/L) 

W   = Weight (g) of sample extracted 
   V    = Volume (ml) of sample extracted 
   Qis  =  Quantity (pg) of the appropriate labeled internal 
    standard (13C12-1,2,3,7,8,9-HxCDF) compound  

added to the sample prior to extraction. 
           RRFn =    Calculated relative response factor from 
    continuing calibration for the analyte HCX.  
 
 
Estimated Detection Limits (EDL) 
 
Was an EDL calculated for each HCX that was not identified   _____  _____  _____ 
 
Use the equation below to check EDL calculations: 
 
ALL MATRICES OTHER THAN WATER 
  

EDL (pg/g)  =  2.5  x  Qis  x  Hx¹  x  D 
   W x  His¹  x  RRFn 
 
WATER 
 EDL (pg/L)  =  2.5  x  Qis  x  Hx¹   x  D 
   V  x  His¹  x  RRFn 
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Where: 
 Hx¹  =   peak height of the noise for the ion of the analyte of interest, HCX 
 
 V  = Volume of the sample (ml) 
  
 W  = Weight of the sample (g) 
 
 His¹ = peak height of the quantitation ion of the internal standard,  
    13C12-1,2,3,7,8,9-HxCDF 
  
 RRFn  =     Calculated relative response factor for the analyte    

      
 D  =  dilution factor  
 
 Qis  = Quantity (pg) of the internal standard added to the sample before 
  extraction. 
  
NOTE:  The validator should check the EDL data to verify that peak heights 
and not areas were used for this calculation.  If the area algorithm was 
used, the validator should contact the laboratory for recalculation.   
 
 
Estimated Maximum Possible Concentration (EMPC) 
 
Was an EMPC calculated for HCX that had S/N ratio for the quantitation  
and confirmation ions greater than 2.5, but did not meet all the identification 
 criteria?         _____  _____  _____ 
 
Use the equation below to check the EMPC calculations: 
 
ALL MATRICES OTHER THAN WATER 
 
 EMPC (pg/g)  =  (An1  +  An2)   x   Qis x  D 
          W x (Ais1  +  Ais2)  x RRFn 
 
WATER 
 
 EMPC (pg/L)   = (An1  +  An2)  x  Qis  x  D 
           V    x (Ais1  +  Ais2)  x  RRFn  
 
             NOTE: See previous sections for definitions 
 

ACTION: If the spot check calculations yielded EDLs or EMPCs different 
from those reported in Form I, contact the laboratory for an explanation. 
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             Y    N N/A 
Method Blanks 
 
Has a method blank per matrix been extracted and analyzed with each batch 
of 20 samples         _____  _____  _____ 
 
If samples of same matrix were analyzed in different events (i.e. different 
shifts or days) has one blank for each matrix been extracted and analyzed 
for each event         _____  _____  _____ 
 

ACTION:  If the proper number of method blanks were not analyzed, 
 notify the contractor.  If they are unavailable, reject all positive sample 
 data.  However, the reviewer may also use professional judgement  
             to accept or reject positive sample data if no blank was run. 
 
Native Hexachloroxanthene levels measured in the method blank must be less  
than the quantitation limit or five times lower than the concentration found in any 
sample within the analytical batch. 
     
Was HCX found at a concentration greater than the PQL in the associated  
method blank         _____  _____  _____ 
 
If yes, has the method blank and associated samples been re-extracted  _____  _____  _____ 
 

ACTION:  If no, prepare a list of samples associated with each of the 
contaminated method blank(s) which have not been re-extracted   

       
ACTION:  If the concentration of HCX in the sample is < than 5 times the  
concentration in the blank, qualify the data as a non-detect “U”. 
 
ACTION:  If the concentration of the HCX in the sample is > than 5 times 

 the concentration in the blank, no action is needed. 
 
 
Rinsate Blank 
 
One rinsate blank must be collected for each batch of 20 soil samples or one 
per day whichever is more frequent.      _____  _____  _____ 
 
Do any rinsate blanks show the presence of HCX that is >PQL   _____  _____  _____ 
 
 ACTION:  If any rinsate blank was found to be contaminated with 
 any of the HCX document in case narratives. 
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             Y    N N/A 
Ongoing Precision and Recovery (OPR)         
 
The laboratory must analyze an OPR after the analysis of the calibration  
verification and before the analysis of any sample in each set. 
 
Was the OPR standard analyzed at the required frequency   _____  _____  _____ 

Did the OPR standard pass the concentration criteria limits:    
 
HCX - (50-150%)       _____  _____  _____ 
13C-1,2,3,7,8,9-HxCDF (30-140%)     _____  _____  _____ 

 
 NOTE:  If the OPR of an isomer is outside the recommended control limits 
 and the internal standard recovery of that isomer in the associated samples 

is also out of range, than the sample and the OPR should be re-extracted  
and analyzed. 

  
 ACTION:  If the criteria has not been met, contact the laboratory.  If a 

decision is made to continue with validation, all data at a minimum should   
be qualified as estimated "J". 

 
 
Initial Precision and Recovery (IPR) 
 
Was an initial precision and accuracy demonstration performed for the  
appropriate matrix as per method                 _____  _____  _____ 
 
Were the results of the IPR evaluation acceptance when compared to the  
acceptance limits in Method1668A      _____  _____  _____ 
 
 ACTION:  If IPR date was not provided by the laboratory, contact the  
 lab to obtain the results of the IPR study. 
 
 ACTION:  If the results of the laboratories IPR study do not meet the  
 acceptance criteria for performance tests based on criteria in Method   
             1668A contact the lab to initiate remediation of technical difficulties. 
 
 
Internal Standard Recovery 
 
Were the samples spiked with the labeled internal standard,  
13C12-1,2,3,7,8,9-HxCDF compound as specified in the method?       _____  _____  _____ 
 
Was the labeled internal standard compound recovery within the required 
(25-150%) limits?             _____  _____  _____ 
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If not, were samples reanalyzed?      _____  _____  _____ 
 
 ACTION:  If the labeled internal standard recovery was below  
 25 percent, reject (R) all associated non-detect data (EMPC/EDL) and  
 flag with "J" all positive data. 
 
 ACTION:  If the labeled internal standard recovery is above the upper limit  
 (150 percent) flag all associated data (positive and non-detect data)  
 with "J". 
 
 ACTION:  If the labeled internal standard recovery is less than 10% qualify all 
 associated data R (Reject).  
 
Calculate the percent recovery of labeled internal standard compound (Ris) in the sample  
extract using the following equation. 
 
 

  100 x 
RRFCAA

CAA =ery  %
isrsrs

rsisis

))()((
))((covRe

21

21

+
+

 

Where: 
 
Ais1 +  Ais2 = The integrated areas of the primary and secondary m/z's for the internal  
   standard 13C12-1,2,3,7,8,9-HxCDF 
 
Ars1  +  Ars2 = The integrated areas of the primary and secondary m/z's for the internal  
   standard 13C12-1,2,3,4,6,9-HxCDF 
 
Cis  = The concentration of the internal standard 
 
Crs  = The concentration of the recovery standard 
 
RRFn  = Calculated Relative Response Factor for the analyte. 
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Internal Standards 
 
There are no contractual criteria for the Internal Standard area. 
However, because it is very critical in determining instrument sensitivity, 
the internal standard area must be checked for every sample. 
 
Are the internal standard areas for every sample and blank within the 
upper and lower limits of each associated ICC3?     _____  _____  _____  
  
Area upper limit  =  +100% of recovery standard area. 
Area lower limit  =  -  50% of recovery standard area. 
 
 
Is the retention time of each internal standard within 10 seconds of the 
associated ICC3?        _____  _____  _____ 
 
 ACTION:  If the internal standard area is outside the upper or 
 lower limits flag all related positive and non-detect data (EMPC/EDL) 
 with "J" regardless whether the labeled analog compound recoveries met 
 specifications or not. 
 
 If extremely low area counts (<25%) are reported flag all associated 
 non-detect data as unusable (R) and the positive data J. 
 
 If the retention time of the internal standard differs by more than 
 10 seconds from the ICC3 use professional judgement 
 to determine the effect on the results.  A time shift of more than  
 10 seconds may cause certain analytes to elute outside the retention 
 time window by the GC column performance check solution. 
 
 
Matrix Spike/Matrix Spike Duplicate (MS/MSD)        
 
Sample ID of the sample chosen for MS/MSD analysis:  ____________________ 
 
For every sample delivery group of 20 or fewer environmental samples  
was one MS/MSD pair analyzed       _____  _____  _____ 
 
Is the MS recovery within the 50 to 150% acceptance range   _____  _____  _____ 
 

ACTION: If the recovery is out of the 50-150% range and the sample 
concentration is less than four times the spike concentration, qualify  
as estimated "J", the analyte in the sample used for MS/MSD. 

 
Does the precision of the MS/MSD analyses meet the < 20% RPD criteria  _____  _____  _____ 
  

ACTION: Qualify the value for that analyte in the sample used for  
the MS/MSD as estimated "J"; use professional judgment in  
association with signal to noise ratios and internal standard recoveries 
for the associated sample data to determine the effect on the quality  
of the associated sample data. 
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             Y    N N/A 
Field Duplicate Subsamples 
 
Sample IDs of the field duplicate pair:  _______________ 
 
For every batch of 20 samples or less collected there must be a sample  
designated as duplicate.        _____  _____  _____ 
 
For Soil: RPD ≤ 50% when target is detected in both field duplicate  
samples at ≥ 5x PQL, or concentration differs by less than 2x the PQL when 
detects are < 5x PQL for both field duplicate samples. 
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Data Validation Qualifiers 
 
 

Qualifier  Description 
 
 
J   Estimated value (bias undetermined) – The analyte was positively identified; but 

the associated numerical value is the approximate concentration of the analyte in 
the sample. 

 
UJ   Estimated non-detect - The analyte was not detected above the reported sample 

quantitation limit.  However, the reported quantitation limit is approximate and 
may or may not represent the actual limit of quantitation necessary to accurately 
and precisely measure the analyte in the sample. 

 
M   The analytical result reported was obtained from a sediment sample found to 

contain between 50 and 90 percent moisture and had no other data qualifiers 
added during the data validating process. 

 
EMPC   Estimated Maximum Possible Concentration (EMPC). 
 
R   The sample results are rejected. Due to a significant QA/QC problem, the 

analysis is invalid and provides no information as to whether the analyte is 
present or not. 

 



 

 

 

 

 

 

 

 

 

 

 

Attachment C 

IPR Study Solid (Full 
Laboratory Deliverable) 



 
 
 
 
 
 
 
 

 

IPR 

Hexachloroxanthene 

Page 64 of 106



Analyte
Spike 
(pg/g) IPR1 IPR2 IPR3 IPR4 Ave

Method 
Limits %RSD

Method 
Criteria

1,2,4,5,7,8-HCX 400.0 375.0 412.0 411.0 386.0 396.0 240-560 4.7 40.0
13C-1,2,3,7,8,9-HxCDF 200.0 198.0 187.0 194.0 191.0 192.5 70-270 2.4 50.0
13C-1,2,3,7,8,9-HxCDD 200.0 200.0 192.0 197.0 197.0 196.5 70-270 1.7 50.0
13C-1,2,3,4,6,9-HxCDF 200.0 200.0 200 200.0 200.0 200.0 70-270 0.0 50.0

1,2,4,5,7,8-HxCX %Rec 93.8 103.0 102.8 96.5 99.0 60-140 4.7 40.0
13C-1,2,3,7,8,9-HxCDF %Rec 99.0 93.5 97.0 95.5 96.3 35-135 2.4 50.0
13C-1,2,3,7,8,9-HxCDD %Rec 100.0 96.0 98.5 98.5 98.3 35-135 1.7 50.0
Matrix: Soil
Chemist: CV

Vista Analytical Laboratory

Hexachloroxanthene IPR

Chemist: CV
7/20/2011
Batch: 3903
using IPR limits from 1668A
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Attachment D 

IPR Study Liquid (Full 
Laboratory Deliverable) 



 
 
 
 
 
 
 
 

 

IPR 

Hexachloroxanthene 
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Analyte
Spike 
(pg/L) IPR1 IPR2 IPR3 IPR4 Ave

Method 
Limits %RSD

Method 
Criteria

1,2,4,5,7,8-HCX 4000 3340 2770 2780 3170 3015 2400-5600 9.5 40.0
13C-1,2,3,7,8,9-HxCDF 2000 1810 1790 1840 1990 1858 700-2700 4.9 50.0
13C-1,2,3,7,8,9-HxCDD 2000 2020 2010 2100 2130 2065 700-2700 2.9 50.0
13C-1,2,3,4,6,9-HxCDF 2000 2000 2000 2000 2000 2000 700-2700 0.0 50.0

1,2,4,5,7,8-HxCX %Rec 83.5 69.3 69.5 79.3 75.4 60-140 9.5 40.0
13C-1,2,3,7,8,9-HxCDF %Rec 90.5 89.5 92.0 99.5 92.9 35-135 4.9 50.0
13C-1,2,3,7,8,9-HxCDD %Rec 101.0 100.5 105.0 106.5 103.3 35-135 2.9 50.0
Matrix: Aqueous
Chemist: CV
7/31/2011
Batch: 3923
using IPR limits from 1668A

Vista Analytical Laboratory

Hexachloroxanthene IPR
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MDL Study Solid (Full 
Laboratory Deliverable) 



 
 
 
 
 
 
 
 

 

MDL 

Hexachloroxanthene 
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HCX

25-Jul-11

Amt. 
Spiked 1 2 3 4 5 6 7 Ave SD MDL RL

Hexachloroxanthene 50 45.4 42.0 41.2 40.7 47.2 44.6 36.2 42.48 3.63 11.40 20.0
Batch: 3913
Units: pg/gUnits:  pg/g

Page 29 of 106



Page 30 of 106



Page 31 of 106



Page 32 of 106



Page 33 of 106



Page 34 of 106



Page 35 of 106



Page 36 of 106



Page 37 of 106



Page 38 of 106



Page 39 of 106



Page 40 of 106



Page 41 of 106



Page 42 of 106



Page 43 of 106



Page 44 of 106



Page 45 of 106



Page 46 of 106



Page 47 of 106



Page 48 of 106



Page 49 of 106



Page 50 of 106



Page 51 of 106



Page 52 of 106



Page 53 of 106



Page 54 of 106



Page 55 of 106



Page 56 of 106



Page 57 of 106



Page 58 of 106



Page 59 of 106



Page 60 of 106



Page 61 of 106



Page 62 of 106



Page 63 of 106



 

 

 

 

 

 

 

 

 

 

 

Attachment F 

MDL Study Liquid (Full 
Laboratory Deliverable) 



 
 
 
 
 
 
 
 

 

MDL 

Hexachloroxanthene 

Page 1 of  87



Amt. 
Spiked 1 2 3 4 5 6 7 Ave SD MDL RL

Hexachloroxanthene 500 287 307 300 289 286 315 294 296.86 11.01 34.59 50
Batch: 3922
Units:  pg/L %Recovery57.4% 61.4% 60.0% 57.8% 57.2% 63.0% 58.8% 59.4%

HCX

2-Aug-11
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